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Nanoplastics are defined as plastic particles broken down to extremely small

sizes (1–100 nm)with unknown effects to the human body and immune system.

Air and food exposure scenarios involving blood, lungs and intestine are

considered in the literature. The fact that plastics also needs to pass the

nose, oral cavity, and throat is so far ignored in the literature. The tonsils are

immunologically important tissue in the oral cavity in which ingested and

inhaled agents are incorporated through crypts with the capacity to capture

agents and start early immunologic reactions. We argue that the tonsil is a very

important tissue to study in regard to micro and nanoplastic human exposure

and immunologic response. Nano-sized particles are known to be able to travel

through the natural barriers and have different effects on biology compared to

larger particle and the bulk material. It is therefore, although difficult, important

to develop experimental methods to detect and identify nanoplastics in the

tonsils. In preliminary experiments we have optimized the breakdown of tonsil

tissues and tried to retrieve added polystyrene nanoparticles using density-

based separation and concentration. The polystyrene was followed by FTIR

spectrometry and could be detected in micro- and nano-size, in the tissue

breakdown solution but not after density-based separation. When nanoplastics

are incorporated in the human body, it is possible that the small plastic pieces

can be detected in the tonsil tissue, in the lymph system and it is of importance

for future studies to reveal the immunological effects for humans.
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Introduction

Humans are exposed to micro- and nanoplastics through multiple pathways probably

mainly through air inhalation (Prata, 2018) and ingestion (Rubio-Armendáriz et al.,

2022). Microplastics are commonly defined as plastic pieces with a size <5 mm (Frias and

Nash, 2019) and the smallest microplastics are referred to as nanoplastics. While a

universal definition currently is lacking, a suggested definition of nanoplastics is: “plastic

particles derived from larger plastics with a size below 1 µm” (Gigault et al., 2018). Another
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definition is in accordance with European Council definitions of

nanoparticles stating that at least one dimension should be below

100 nm (Potočnik, 2011). The presence of nanoplastics in

organisms are currently difficult to quantify due to the small

size of the material and that the chemical composition resembles

the surrounding organic matter (Gigault et al., 2018). It is

noteworthy that most data describing biological effects and

accumulation of nanoplastics derive from studies using

commercial polystyrene nanoparticles. This material has been

useful to understand size specific effects but may not be

representative for environmentally relevant nanoplastics which

has been broken down from multiple plastic materials (Gigault

et al., 2018). Exposure to, and accumulation of, nanoplastics can

be of particular interest in comparison to larger plastic particles

because they present a greater surface area that can interact with

the organism.

Based on current literature we can conclude that humans are

exposed to plastic materials. Inhaled microplastics has been of

increasing interest lately due to reports on nanoparticles of

plastics in both indoor- and outdoor environments (Prata,

2018). It has also been reported to exist in the lungs of

humans in several studies (Pauly et al., 1998; Amato-Lourenço

et al., 2021; Jenner et al., 2022). From a food perspective,

microplastics have been found in filter feeding aquatic animals

as mussels and in fish around the world (Bajt, 2021), as well as in

table salt (Kim et al., 2018), and in fresh-, tap-, and bottled water

(Koelmans et al., 2019). Oral intake of plastic, by inhalation or

ingestion, exposes the oral cavity, oropharynx, and the remainder

of the gastrointestinal tract (Ibrahim et al., 2020) to micro- and

nanoplastics. These direct exposure scenarios of plastics to

humans have, not surprisingly, lead to the detection of

microplastics in human colon (Ibrahim et al., 2020), and

faeces (Schwabl et al., 2019; Zhang et al., 2021; Yan et al.,

2022). A recent study has described the existence of

microplastics in human blood (Leslie et al., 2022), however,

re-isolation of nanoplastics has not been performed in blood,

only chemical identification of polymers, and these studies do not

link particle size or presence of nano-sized particles in the

samples with the chemical analyses. This is an important

aspect as many of the nano specific effects are due to changed

interactions with surfaces with high curvature. However, this also

add substantial experimental difficulties as isolating the

nanoplastics as particles before chemical analyses is further

complicated by the risk of recrystallization of polymers as

they are isolated and concentrated. Especially if they are

characterized after being dried down on for example

transmission electron microscope (TEM) grids. One study

found microplastics in the placenta (Ragusa et al., 2021) and

another study also concluded that there were more microplastics

found in faeces of infants compared to adults (Zhang et al., 2021).

Transfer from airways to internal organs through the blood has

been confirmed in animal studies. In rat, nano-sized polystyrene

placed in trachea of the mother could translocate to maternal

internal organs as well as in the organs of the fetus (Fournier

et al., 2020).

In humans, the tonsils are the first immunologically active

tissue that encounters micro- and nanoplastic upon oral

exposure. The tonsils are lymphoid tissue in the oral cavity in

which agents are incorporated through crypts. The lymphoid

draining continues to the submandibular lymph nodes and on to

deeper cervical lymph nodes. The location of the tonsils in the

oral cavity in the junction between the airway and the alimentary

pathway is ideal for optimizing uptake of foreign material like

antigens and foreign materials (i.e., possibly also micro- and

nanoplastic particles). Hence, it seems likely that if tiny

fragments of plastics are ingested or inhaled, the first possible

absorbing organs are the tonsils.

The literature is scarce concerning micro- and nanoparticles

being incorporated in the tonsils. However, nanoparticles other

than plastic, e.g., spherical gold nanoparticles, has been shown to

be able to enter the immune system and lymph nodes (Zhang

et al., 2019) and smaller particles (5–15 nm) have also been

shown to enter the immune system faster than larger

(50–100 nm). Despite this, it is currently not known if

nanoplastics travel the same path.

Wherever micro- and nanoplastics are deposited in the

human body, they may interact with the universally projected

immune system. Inferentially, this may produce inflammation,

up-regulation of pro-inflammatory cytokines (such as

Interleukin-8 (IL-8), nuclear factor kappa-light-chain-enhancer

of activated B cells (NF-κB), and Tumor Necrosis Factor-α (TNF-
α), (Xu et al., 2019), likely a type-1 response (including Interferon
gamma IFNγ-production) elicited via the innate immune system,

and possibly induce sensitization like described for engineered

nanomaterials (Alsaleh and Brown, 2020) but not for

nanoplastics. In the oropharynx, the encounter may take place

in the tonsils, potentially representing a site where exposure to

micro- and nanoplastics, and its effects may be assessed.

Furthermore, the tonsils are well-defined and readily available

for sampling in connection to routinely performed tonsillectomy.

We here introduce the tonsils as a potentially highly

interesting tissue to analyse concerning the existence of

micro- and nanoplastic particles in the human body. We also

present lessons learned while developing a method to re-isolate

and identify the nanoplastics after administration into tonsil

tissue which can be of interest for further method developments

concerning detection of nanoplastics in the tonsils but also in

tissues in general.

Experimental lessons and future
challenges

Preliminary experiments were performed to explore the

breakdown of tonsils and isolation of added polystyrene

particles. The experimental procedure is based on established
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protocols for isolating microplastics from organisms, but with

the aim to isolate and describe size of nanoplastics. The entire

procedure is described in detail in Supplementary Information

and the experimental part is outlined in Figure 1. Shortly,

tonsils, obtained from patients who underwent conventional

tonsillectomy, were broken down by freeze drying followed by

grinding. Polystyrene particles with a nominal diameter of

195 nm and 2.07 µm (Bangs Laboratories Inc.) were added to

the grinded tissue and degraded in 2.6 M KOH, 1.36 M NaCl2O

at 60 °C for 48 h. After degradation the samples were filtered

through a 100 µm mesh filter and neutralized to pH 7.

Thereafter 1.5 M NaCl was added to promote flotation of the

polystyrene particles after centrifugation (Supplementary

Video S1). The resulting pellet was assumed to be organic

matter from the tonsils. The supernatant was removed and

diluted with water to allow concentration of the presumed

polystyrene particles by pelleting. Nanoparticle tracking

analysis (195 nm samples), or differential sedimentation

centrifugation (2.07 µm samples) showed that there were

particles with the size of 195 nm and 2.07 µm, respectively

in the pellets, Supplementary Figures S1A, B. The presence of

particles was confirmed at different stages of the procedure by

Fourier-transformed infrared spectroscopy (FTIR)

measurements (Supplementary Figure S1).

FIGURE 1
Overview of the breakdown of tonsil through freeze dry, grinding, breakdown with KOH, filtration, and separation of particles.
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In summary, polystyrene particles in homogenizing solution

are present in pellets after centrifugation, in homogenizing

solution and floating solution (Supplementary Figures S1C,

D). The same is true for polystyrene particles together with

tissue in homogenizing solution after pelleting (Supplementary

Figure S1E). In all cases, repeated washing of the pellets was

needed to remove interference from the high concentrations of

salt and bases. However, surprisingly, we could not recognize a

polystyrene signal in the spectra from polystyrene particles first

in homogenizing and then floating solution when tonsil tissue

was present (Supplementary Figure S1F). The challenges with

identifying the particles could be due to interference with e.g. fats

in the tissue floating and/or interference with the polystyrene

particles emphasizing the difficulties with isolation and

identification of nanoplastics from different tissues.

In a real scenario there will be different types of plastics

which make isolating them difficult. For example, many plastics

have a density below one which makes pelleting in water

impossible. Therefore, we tried another approach mimicking

low density by adding NaCl to the polystyrene particles

solution and concentrate the floating particles by low-speed

centrifugation in spin filters (Supplementary Video S1). We

believe it is a possible way forward to concentrate all types of

nanoplastics. Characterization of microplastics after isolation is

traditionally done by capturing the particles on filters and

subsequent analyses of single particles by FTIR or Raman

spectrometry, alternatively by pyrolysis. Gas chromatography

(GC) and GC (in conjunction with MS (mass spectrometry) is

also used frequently for analysing micro/nano plastics (Leslie

et al., 2022).

Discussion

We here introduce the theory of tonsils as a possible entry

port for nanoplastics to the human body and suggest that future

focus is warranted on possible immunologic effects induced by

nanoplastics. When developing the field further it is of

importance to detect the actual particles and describe sizes of

nanoparticles in human tissue.

It is well known that nanoparticles, other than plastics, can

activate the innate immune system in vivo: administration (onto the

middle ear mucosa) of poly (γ-glutamic acid) conjugated with

L-phenylalanine ethylester (γ-PGA-Phe) produces innate immune

actions in rats: pro-inflammatory cytokines (IL-1α, IL-1β, IL-6,
MIP-1α, and TNF-α) and associated histopathological changes

(Nilsson et al., 2014). Furthermore, these nanoparticles affect

antigen-presentation (by monocyte-derived dendritic cells) and

subsequent T-cell responses (cytokine release and proliferation)

in vitro (Broos et al., 2010). There are immune reactions linked with

nanoparticles of plastics as well. Polystyrene nanoplastics induces

signifcant up-regulation of pro-inflammatory cytokines such as IL-

8, NF-κB, and TNF-α (Xu et al., 2019). Yang et al. (2022) have

investigated effects of 40 nm polystyrene nanoplastics on human

lung epithelial cells and found a proinflammatory effect with

increased levels of IL-6, MCP-1 and TNF-alpha (Yang et al., 2021).

Microplastic particles have been found in internal organs the

human body; blood (Leslie et al., 2022), lung (Amato-Lourenço et al.,

2021), colon (Ibrahim et al., 2020), and placenta (Ragusa et al., 2021).

The study with results on microplastics in blood has somewhat

changed the perspectives on small plastic materials in the human

body. If in blood, there might be microplastics in the entire body.

However, the lymphoid system is a separate system, and it is not

known if and how the particles influence the immune system.

Little is known about the effects of plastic nanoparticles on

humans, but it is possible that those particles have a greater

impact than larger plastic particles (Yan et al., 2022). The tonsils

have not been studied to detect if nanoparticles enter the

lymphoid system as far as we are aware of.

To develop our method further, we aim to be able detect

polylactic acid nanoparticles and we also plan to use breakdown

nanoplastics of polyethylene (PE), polyethylene terephthalate

(PET), and polylactide (PLA), origin. These will be generated

bymechanical breakdown of common polymers used in everyday

life of humans described in (Ekvall et al., 2018) and (Ekvall et al.,

2022) and size fractionated as described in (Ekvall et al., 2022). In

this way the project can further investigate the possible presence

and further effects of micro-/nanoplastics on tonsils, lymph

system and immune responses.

The presented approach is a stepping stone towards

investigating if there is an uptake of nanoplastic particles in

the tonsils and if transportation occurs in the body and possible

immunological and other responses. This is an issue of major

importance to focus on in future environmental medicine with

unknown and possibly large effects on human health (Yong et al.,

2020). We argue that, in order to claim that nanoplastics are

present in organic samples, it is necessary to link isolated

particles with a confirmed size in the nano range with a

chemical identification. Nevertheless, these results indicate

that this may not be possible due to polymer modification. It

may be that we need, for now, to settle for a less direct solution.

One approach could then be to filter the breakdown tissue using

filters with a cut off at 1 µm or lower and then extract the plastics

using solvents and identify the dissolved polymers. This

approach has been explored for detecting the presence of

plastics in for example placenta (Ragusa et al., 2021).

Conclusion

• Humans are, based on the current literature, exposed to

micro- and nanoplastics through food and inhalation.

• Exposure scenarios involving lungs and intestine are

considered in the literature. However, the fact that

plastics needs to pass the nose, oral cavity and throat is

so far ignored.
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• Tonsils are immunologically important tissueswith the capacity

to capture agents and activate early immunologic reactions.

• The isolation and identification of small micro- and

nanoplastics may be even harder than expected due to

massive chemical modifications of the polymers during

standard tissue breakdown protocol.

If nanoplastics are incorporated in the human body, it is

possible that the small plastic materials can be detected in the

tonsil tissue and future studies will hopefully reveal the

immunological and over all effects for humans.
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